The unquenched quark models predict the new particle Σ * with spin parity J P = 1/2 − and its mass is around the well established Σ * (1385) with J P = 3/2 + . Here by using the effective Lagrangian approach we study K − p → Λπ − π + reaction at the range of Λ * (1520) peak, comparing the resulting total cross section, and π + π − , Λπ + , Λπ − invariant squared mass distributions for various incident K − momenta, as well as the production angular distribution of the Λ with the data from the Lawrence Berkeley Laboratory 25-inch hydrogen bubble chamber, we find that, apart from the existing resonance Σ * (1385) with J P = 3/2 + , there is a strong evidence for the existence of the new resonance Σ * with J P = 1/2 − around 1380 MeV. Higher statistic data on relevant reactions are needed to clarify the situation.
I. INTRODUCTION
The classical constituent quark models are based on the assumption of three constituent quarks inside each baryon. They are very successful for the spatial ground state of baryons, but have serious problems for the predictions of baryon excitation states. The lowest excitation of baryons is expected to be the orbital angular momentum L = 1 excitation of a quark, resulting to spin-parity 1/2 − . The N * (1535), Λ * (1405) and Σ * (1620) are the lowest 1/2 − baryons from many experiments [1] . There is a question that why the mass of Λ * (1405) is much less than N * (1535). It is very difficult to explain this problem in the classical 3-quark models, because the Λ * (1405) with (uds)-quarks is obviously expected to be heavier than N * (1535) with (uud)-quarks. Another problem is about thed/ū asymmetry in the proton with the number ofd more thanū by an amountd −ū ≈ 0.12 [2] . If one wants to solve these problems, one should put thecomponents in the baryons. The unquenched models give the good explanation to these problems. For example, in the penta-quark models [3, 4, 5] These unquenched models give many new predictions besides the properties of Λ * (1405) and N * (1535). In fact, the penta-quark models [3, 4] show a new physical picture for the baryonic excitation. The lowest excitation is J P = 1/2 − in themodel, and there are two new particles Σ * (1360 − 1405) and Ξ * (1520) which are absent in themodel.
The meson cloud model [6] predicts them to be non-resonant broad structures. These new predictions are all very different from the results of the classical quenched quark models, so it needs to be checked by experiments.
Possible existence of such new Σ * (1/2 − ) structure in J/ψ decays was pointed out earlier [7] and is going to be investigated by the starting BES3 experiment [8] , and we also re-examined the old data of K − p → Λπ + π − reaction at P lab (K − ) = 1.0 − 1.8 GeV to find some evidence for its existence [9] . In this paper by using the results from the fit of experimental data in the Ref. [9] , we show further evidence for the existence of such Σ
60 GeV, with a very clear peak of Λ * (1520) in the energy dependence of the total cross section [10, 11] .
In the next section, we present the formalism and ingredients for the study of the K − p → Λπ − π + reaction by including various Feynman diagrams. In the last section, our numerical results, comparision with the experimental data, and conclusions are given.
II. FORMALISM AND INGREDIENTS
In this section we present the formalism and ingredients for the analysis of
in the energy region around the Λ * (1520). First, the corresponding Feynman diagrams, s-
, and u-channel n and p exchange diagram (f), for the reaction (1) are depicted in Fig. 1 .
Besides we give the effective Lagrangian densities for describing the interaction vertices in Fig. 1 . They can be written as
Here m K , m N and m Λ are the kaon, nucleon and Λ masses; Σ * Table I .
Furthermore, we need also the propagators of resonant particles to calculate Feynman diagrams. For the K and K * mesons, the propagators are:
For the spin-1/2 and spin-3/2 baryon resonances the propagators can be written as [12] : [9] ; for (a) and (b) we use (g Λ * Σ * π g Σ * Λπ ) 2 /(4π) 2 , while assuming that all Λππ come from Σ * π in the Λ * → Λππ reaction.
The role of Λ * (1520) is very important, thus we take into account that the width Γ Λ * (1520) of the Λ * (1520) is dependent on its four-momentum squared, and by straightforward calculation we obtain the following expression for the Γ Λ * (1520)
where
and where
are the magnitudes of the three momenta of the K and π mesons; Since the baryons and mesons are not point-like particles we need to consider the form factors for each interaction vertices in order to calculate amplitudes for the reaction. Therefore now we give the form factors for every Feynman diagram. For the Fig.1(a) , we use the following form factors
with Λ = 0.8GeV ( R = Λ * or Σ * ) [12] . Because both the Λ * and Σ * are almost on-shell, the contribution of these form factors are unimportant. In addition, we also use the following P-wave and D-wave Blatt-Weisskopf barrier form factors for the vertices of Λ * Σ * 1/2 π, Σ * 3/2 Λπ and Λ * NK
with
Here Q 0 = 0.197321/R is a hadron scale parameter in the unit of GeV/c with R the radius of the centrifugal barrier in the unit of fm. In our calculation we set R = 0.2f m. We find that these two form factors have negligible effect on our results, thus one may conclude that Fig.1(a) is almost model independent. 
where u p Λ s Λ and u ppsp are the spin wave functions of the outgoing Λ and incoming proton, respectively; p π + , p π − and p K − are the 4-momenta of the final state pions and initial state K − meson; the factor 1/ √ 6 is a isospin C-G coefficient. So the total amplitude squared for
Note that we do not include the interference terms between different Feynman diagrams because their contributions are insignificant. Then the calculation of the cross section for
III. NUMERICAL RESULTS AND DISCUSSION
With the formalism and ingredients given in the former section, we compute the total cross section versus the K − beam momentum P lab (K − ) for the K − p → Λπ − π + reaction for P lab (K − ) = 0.25 − 0.60 GeV by using the code FOWL from the CERN program library, which is a program for Monte Carlo multi-particle phase space integration weighted by the amplitude squared. We consider two cases, firstly, we assume that the J P of the Σ * is Comparison with the experimental data in Refs. [11, 16, 17] for the total cross section Fig.2 shows that for the energies below 0. [11] , [16] and [17] , respectively. The dashed and dotted curves are for the Fig.1(a) with Σ * 3/2 and Σ * 1/2 , respectively; the dash-dotted and the dash-dot-dotted curves for the Fig.1(b) and Fig.1(d) , respectively; curves close to zero for Fig.1(c,e,f) . The solid curve is the sum of these broken curves.
at P lab (K − ) = 0.394GeV in Fig.7 . From Fig.7 (a) and (b) we see that, the contribution of (36) is distributed on the top left corner, but of (37) is in the middle. This is because for the decay Λ * → Σ * − has little influence on the Λπ invariant mass squared spectra. Thus we conclude that there should be contribution from the Σ * 1/2 for the reaction at energies around the Λ * (1520) peak.
For the π + π − invariance mass spectra, the inclusion of 40% Σ * 1/2 gives some enhancement to the low energy end and reproduces better the data for Kp center of mass energies around the Λ * (1520) peak. In summary, we study the K − p → Λπ − π + reaction at P lab (K − ) = 0.25 − 0.60 GeV. In our calculations we take into account all possible form factors and final state interactions.
We find that by including 40% Σ * 1/2 contribution the theory agrees much better with the experimental data [11] for P lab (K − ) in the range of 0.355−0.42 GeV, corresponding to the Kp center-of-mass energies just under the Λ * (1520) peak. Through the analysis, the difference between the two cases, with or without Σ * 1/2 , comes from the different partial waves, namely,
